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            Abstract
Three Earth-sized exoplanets were recently discovered close to the habitable zone1,2 of the nearby ultracool dwarf star TRAPPIST-1 (ref. 3). The nature of these planets has yet to be determined, as their masses remain unmeasured and no observational constraint is available for the planetary population surrounding ultracool dwarfs, of which the TRAPPIST-1 planets are the first transiting example. Theoretical predictions span the entire atmospheric range, from depleted to extended hydrogen-dominated atmospheres4,5,6,7,8. Here we report observations of the combined transmission spectrum of the two inner planets during their simultaneous transits on 4 May 2016. The lack of features in the combined spectrum rules out cloud-free hydrogen-dominated atmospheres for each planet at ≥10σ levels; TRAPPIST-1 b and c are therefore unlikely to have an extended gas envelope as they occupy a region of parameter space in which high-altitude cloud/haze formation is not expected to be significant for hydrogen-dominated atmospheres9. Many denser atmospheres remain consistent with the featureless transmission spectrum—from a cloud-free water-vapour atmosphere to a Venus-like one.
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                    Figure 1: Hubble/WFC3 white-light curve for the TRAPPIST-1b and TRAPPIST-1c double transit of 4 May 2016.[image: ]


Figure 2: Hubble/WFC3 spectrophotometry of the TRAPPIST-1b and TRAPPIST-1c double transit of 4 May 2016.[image: ]


Figure 3: Transmission spectra of TRAPPIST-1b and TRAPPIST-1c compared with models.[image: ]
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Extended Data Figure 1 Marginal effects of instrumental systematics on transit depth estimates.
a, Evidence-based weight, Wq, for each systematic model12 applied to the white-light curve. b, Combined transit depth estimate (ΔFb+c) obtained by correcting the data, using each systematic model. c, d, Individual transit depth estimates for TRAPPIST-1b and TRAPPIST-1c, ΔFb and ΔFc. The horizontal lines indicate the final marginalized measurements and associated uncertainties. The scale of the values here indicates that all of the systematic models fit equally well to the data.


Extended Data Figure 2 TRAPPIST-1’s limb darkening.
Stellar limb-darkening relationships for TRAPPIST-1 (black curves) and four stellar models (coloured curves) that bracket the effective temperature and surface gravity of TRAPPIST-1 (shown in coloured and black numbers in a; temperature is in K and surface gravity is expressed in log(g). The circles are theoretical15 specific intensities (I) relative to disc centre (Ic) as a function of μ′ (the cosine of the angle between an outward radial vector and the direction towards the observer). We fitted I/Ic averaged over the indicated wavelength intervals to determine the quadratic (dashed curves) and four-parameter (solid curves) limb-darkening coefficients. a, Stellar limb-darkening relationship integrated over WFC3’s spectral band. b–l, Stellar limb-darkening relationship over the 11 spectral channels used here.
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